INTRODUCTION
It has been shown in our previous studies (1, 2) that sulfur plays, in cooperation with some nitrogenous substance(s), some essential role in the process of nucleic acid formation and nuclear division as well as in the process of cellular division of Chlorella. Subsequent investigations (3) have shown that a certain peptide-like sulfur substance(s) which is extractable with 10% trichloroacetic acid (TCA) increased considerably in quantity at the stage of nuclear division of algal cells. It was further found (4, 5) that this sulfur substance is in combination with nucleotide (or polynucleotide) and some other substances to form a rather complex compound.
A substance with almost identical properties was also found in the TCA-extract of yeast cells (4, 5) . The present paper describes some detailed account of this series of experiments dealing with the complex compound in question.
MATERIALS AND METHODS
The organisms used were Chlorella ellipsoidea and Saccharomyces formosensis, which were grown in the media containing 355-labeled sulfate as the sole source of sulfur.
The method of culture of Chlorella was the same as that described in our previous paper (3) . The Chlorella cells used in the present study were largely composed of "dark cells" according to our terminology (see our previous paper (1)). Yeast was grown at 25° for 5 days with occasional shaking in a medium containing, per liter: 150 g sucrose, 10 g ammonium tartrate, 5 g K3P04, 0.8 g CaHPO4 i 0.5 g MgSO4.7H20, and 1 mC 355 -labeled sulfate, the pH being adjusted to 5. The fresh cells harvested were washed four times with distilled water and extracted three times with cold TCA (0°) in the following manner: 20-30 ml of packed cells were extracted first with three-fourth its volume of 20% TCA and then twice with equal volume of 10% TCA. The combined TCA-extract was then treated in the following two different ways: 43 VOL.
( i ) The pH of the extract was adjusted to 7, and an excess of ethanol (final concentration : 90%) was added to it. The precipitates produced after standing overnight in a refrigerator were centrifuged, dried in vacuo, and after being dissolved in distilled water, used for further experiments.
(ii) The TCA-extact was shaken with ether to remove TCA, and was subjected to freeze-drying. The dried powder obtained was dissolved in distilled water, and after discarding the insoluble materials, the solution was used for further experiments.
In the experiments of zone electrophoresis a cell having a dimension of 3 x 1.5 x 40 cm or 3 x 1.5 x 55 cm was used, and the experiments were conducted in a cold room at 3° with an electric current of 2 mA/cm2, the average potential gradient being 2.5-5 V/cm. After 18 to 40 hours of electrophoresis, the starch in the cell was cut into 1-cm sections, and each of them was extracted with 6 ml of distilled water.
With each aliquot, measurements were made (i) of the optical density at 260 m,u, (ii) of the radioactivity caused by and (iii) of the ninhydrin reaction (measured by the optical density at 570 m, (6)) before and after hydrolysis with 6 N HC1 at 100° lasting for 15 hours.
Measurements (ii) and (iii) were performed with 0.5 ml or 1.0 ml each of the solution.
All the spectrophotometric measurements were made using a Cary recording spectrophotometer Model 14 M-50. In the anion-exchange chromatography, Dowex-l-chloride was used as an exchanger, to which the sample was applied after its pH had been adjusted to 7 with 1 N NaOH. The elution was performed by successive application of 0.003, 0.01, 0.1 and 1 N HC1. The distribution of sulfur, peptide and UV-absorbing substances was determined in the same way as in the electrophoretic experiments.
To determine the purine and pyrimidine bases contained in the UV-absorbing substances, the sample was hydrolysed in a sealed tube with 1 N HCl for an hour in a boiling water-bath.
The hydrolysate was evaporated in vacuo and subjected to a two-dimensional paperchromatography by the descending technique using isopropanol-HC1 (7) and n-butanol-NH3 (8) as solvents. The UV-absorbing spots detected on the paperchromatogram were cut off and eluted with 4 ml of distilled water overnight.
The UV-absorption spectra of these eluates observed at different pH levels and the Rf -values on the paperchromatogram served as the criteria for the identification of purine and pyrimidine bases.
For the identification of amino acids contained in the peptide, the hydrolysed sample (6 N HC1, 100°, 15 hours) was subjected to a two-dimensional paperchromatography by the descending technique using n-butanol-acetic acidwater (4:1:1) and 75% phenol-NH3(0.15%) as solvents.
The '4C-labeled amino acids which were co-chromatographed in sufficiently small amounts served as the references in the identification. In our preliminary note (4) and a subsequent paper (5), the patterns of anion-exchange chromatography of TCA-soluble sulfur substances and UVabsorbing substances obtained from Chlorella and S. formosensis were presented. The sulfur substances were distributed in the three fractions (0.01, 0.1 and 1 N HCl-eluates), being accompanied by the UV-absorbing substances already mentioned (4) (see also later section).
The fractions found in 0.1 N HCI-and 1 N HC1-eluates were ninhydrin negative before acid hydrolysis and turned positive after the hydrolysis giving the amino acids which were listed in our previous paper (4). These results suggest the peptide nature of the compounds contained in these fractions. The fraction found in 0.01 N HCl-eluate, which showed the highest sulfur content, however, was ninhydrin positive even before hydrolysis, although it gave the most intense ninhydrin reaction after hydrolysis.
In Figs. 1 and Z are reproduced the paperchromatograms obtained with this fraction before and after acid hydrolysis.
As may be seen in the figures, this fraction gave, before the hydrolysis, a single ninhydrin-positive and radioactive spot and, after the hydrolysis, several amino acids including two unknown radioactive spots. These results clearly demonstrate the peptide nature of the sulfur substance contained in this fraction.
It is worthy of notice that quite identical paperchromatograms were obtained with Chlorella and S. formosensis, which VoL. 5 belong to widely different categories of microorganisms both in respect to phylogeny and in the feature of physiology.
It was reported in our preceding paper (5) that a non-peptide sulfur substance could be obtained by anion-exchange chromatography of the TCAextract of Chlorella.
The sulfur substance was found in the 0.1 N HCl-eluate without being accompanied by measurable UV-absorbing substances or peptide. The two-dimensional paperchromatograms ---using n-butanol-acetic acidwater (4:1:1) and 75% phenol-NH3(0.15%) as solvents ---of this substance N HCl-eluate formosensis. Fig. 3 . Paperchromatograms of a non-peptide sulfur substance isolated by an anion-exchange chromatography of TCA-extract of Chlorella.
Shaded spots represent sulfur-containing substances as detected on the radioautogram, and a non-shaded spot a ninhydrin-positive substance.
Solvents: (a) n-butanol-acetic acid-water before and after acid hydrolysis are reproduced in Fig. 3 . Before the hydrolysis it gave a tailing spot, which was radioactive and ninhydrin-negative, besides which there was one ninhydrin-positive spot. After the hydrolysis (6 N HCI, 100°, 15 hours), there appeared two 35S-radioactive and ninhydrinnegative spots; the ninhydrin-positive spot which was detected before the hydrolysis disappeared completely after the hydrolysis.
Elucidation of the chemical nature of these substances must await further investigations.
(2) UV-absorbing substances contained in the TCA-extract of Chlorella and S. formosensis
The purine and pyrimidine bases contained in the fractions obtained by an anion-exchange chromatography of the TCA-extracts of Chlorella and S. f ormosensis have already been reported in our previous note (4), in which the existence of several unknown UVabsorbing components in these fractions was noted. Fig. 4 shows the ultraviolet absorption spectrum and a paperchromatogram of an unknown UV-absorbing component which was found in the hydrolysate of 0.01 N HCl-eluate in the case of Chlorella. In our recent report (5), electrophoretic patterns of the TCA-soluble UV-absorbing substances and sulfur substances of Chlorella and S. formosensis were presented.
Almost all of these UVabsorbing and sulfur substances moved together forming ostensibly a single peak. In Fig. 5 is presented a paperchromatogram of the UV-absorbing components which were contained in the peak fraction in the zone electrophoresis (performed at pH 3.6) of the TCA-extract of S. formosensis. (The peak fraction had been hydrolysed with 1 N HCl for an hour in a boiling water-bath before it was subjected to paperchromatography).
Among the five components thus separated, two were revealed to be adenine and uridylic acid, respectively; the remaining three, the spectra of which are reproduced in Fig. 6 , could not be identified from the shapes of their absorption spectra. (3) Some remarks on the methods of isolation of the sulfur-containing peptidenucleotide complex from the TCA-extract In our earlier work (4), the sulfur-containing peptide-nucleotide compounds were isolated from the TCA-extract of Chlorella or yeast cells by precipitation with ethanol, and the components in this fraction were separated by an anion-exchange chromatography using Dowex-1. Further experiments, however, revealed that a considerable part of the cold TCA-soluble sulfur and UV-absorbing substances was soluble in 90% ethanol, and some fractions of the ethanol-insoluble part were not adsorbed by Dowex-1. Our later work (5), therefore, was done using the total cold TCA-soluble substances which were obtained by subjecting the TCA-extract to freeze-drying after removing the TCA by shaking with ether.
Electrophoretic experiments using these samples strongly suggested that almost all of the TCA-soluble sulfur and UV-absorbing substances might be in combination to form a single complex compound, although they are readily dissociable according to the experimental conditions used. It has already been shown in our preceding paper (5) that the cold TCA-soluble sulfur and UV-absorbing substances of Chlorella obtained Ultraviolet absorption spec-6) of the unknown UVcomponents shown in Fig. by this method behaved as ostensibly a single complex compound in the electrophoretic experiment at pH 3.6 (see Fig. 7 B) , although the complex split into several components at pH 5.0.
When the sample of Chlorella treated with 9001 ethanol was subjected to zone electrophoresis under the same experimental conditions, a different type of pattern was obtained as shown in Fig. 7 A. In this case the sulfur Fig. 7 . Electrophoretic patterns of TCA-extract of Chlorella. A: ethanol-treated sample, B : non-treated sample Medium: starch in acetate-HC1 buffer of pH 3.6. The arrow in the figure shows the place of application of the original sample. Segment numbers 0 and 56 represent the buffer reservoirs placed at both ends of the cell. The values given for these segments represent ---with reference to the values given for the other segments ---the total quantities of sulfur and 260 mµ-absorbing substances migrated to these reservoirs. Some additional data were presented concerning the chemical nature of the sulfur-containg peptide-nucleotide complex, which has been the subject of our recent investigations; (i) paperchromatographic data of the sulfurcontaining peptide and a non-peptide sulfur substance isolated by anion-exchange chromatograpy from the TCA-extract of Clilorella and Saccharomyces formosensis,
(ii) paperchromatographic and spectrophotometric data of the UV-absorbing components contained in the complex in question, and (iii) electrophoretic data of the ethanol-treated TCA-extract of Chlorella showing the effects of ethanol upon the forces binding the sulfur and UV-absorbing substances together to form the complex.
